ABSTRACT Three experiments were conducted to assess the effects on broiler breeders of contamination of feed with the ionophore anticoccidial semduramicin. In Experiment 1, individually caged females received 0, 12.5, or 25 mg/kg diet for 3 wk from 48 to 50 wk of age. In Experiment 2, males and females in floor pens received 0, 12.5, or 25 mg/kg diet for 3 wk from 63 to 65 wk of age. In Experiment 3, individually caged males and females received 0, 3, 6, or 25 mg/kg diet for 1 wk at 31 wk of age and were mated by artificial insemination.
INTRODUCTION
Accidental contamination of broiler breeder feed with broiler coccidiostats is not uncommon in feed mills that produce broiler and broiler breeder feeds. Mauldin and Harris (1987) reported such an incident with nicarbazin that resulted in adverse effects on egg production, fertility, and hatchability without an increase in mortality of the breeders. Jones et al. (1990) fed several anticoccidials to broiler breeders for 10 d to assess the effect of accidental contamination. Nicabazin, narasin, salinomycin, monensin, halofuginone, maduramicin, and robenidine were fed at levels of 125, 70, 60, 100, 3, 5 , and 33 mg/kg diet, respectively. Egg production was decreased by nicarbazin, whereas narasin reduced egg weight. Hatchability was decreased by narasin, salinomycin, and nicarbazin, whereas fertility was decreased by monensin. Maduramicin, robenidine, and halofuginone had no observable effects. Sambeth et al. (1985) found salinomycin to decrease fertility at 60 mg/kg but not at 25 mg/kg. Kling and Quarles (1986) also reported no adverse effects of 3 or 6 mg/kg halofuginone.
The present study was conducted to assess the effects of a recently developed ionophore anticoccidial, semduramicin, on broiler breeders. This study was designed to 1 The use of trade names in this publication does not imply endorsement by the North Carolina Agricultural Research Service of the products mentioned or criticism of similar products not mentioned. 2 To whom correspondence should be addressed: jbrake@ncsu.edu.
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There was a dose-related decrease in cumulative egg production and percentage shell in Experiment 1 after more than 1 wk exposure, but these effects were not observed in the other experiments. There was a decrease in cumulative fertile hatchability and a dose-related decrease after 3 wk exposure due to an increase in early embryonic mortality in Experiment 2, but these changes were not observed during the 1-wk exposure in Experiment 3. The data show that adverse effects of semduramicin require greater than 1 wk of exposure to be evident. mimic short-term exposure at levels thought to reasonably occur accidentally under commercial conditions as well as longer-term exposure to a full dosage.
MATERIALS AND METHODS

General
Broiler breeders were managed as described by Brake and Baughman (1989) except as described for the specific experiments. A standard vaccination program and biosecurity procedures ensured absence of disease. The breeders had received feed containing amprollium from hatch until initiation of the experiments. There had been no coccidiosis observed in any bird.
Experiment 1
Arbor Acres slow-feathering females were initially 45 wk of age and had been in individual cages since 23 wk of age when used in this study. During the experimental period, each cage was equipped with an individual feeder that allowed 4 inches of feeder space per bird and had a capacity of 500 g of feed each. Based upon existing individual egg records, 75 hens were randomly distributed among the three treatments so that initial reproductive performance was equally represented in each treatment. All birds were further evaluated for 1 wk (47 wk) prior to the initiation of treatments.
Semduramicin was added to the basal diet (Table 1) at 0, 12.5, and 25 mg/kg of diet and fed to the birds for 3 wk. Inclusion rate was confirmed analytically prior to feeding to the birds. Each bird was individually fed 134 g of feed per day, the same amount as fed during the previous 4 wk. In some cases, at the 25 mg/kg level, the birds did not consume all of the feed provided. In these cases, the feed was allowed to accumulate for 2 d, after which the birds were not fed again until less than 134 g of feed was in the individual feeder. Unconsumed feed was weighed at the end of each week and discarded. Fresh feed was added to begin each week.
Eggs were collected daily on an individual bird basis, and one egg per bird per week was used to determine egg weight, shell weight, and percentage shell. Eggs were weighed daily. The eggs were cracked open, the contents were removed, and the shell was rinsed clean with water. The shells were dried in an oven at 54 C for 2 h and allowed to cool to constant weight.
Data were subjected to one-way analysis of variance using the GLM Procedure (SAS Institute, 1988) . There were 25 individual birds per treatment. The within-birds residual sums of squares were used to calculate the error term. Differences among means were partitioned by the Duncan option of the GLM Procedure. Data were calculated on the basis of weekly and cumulative performance, and the statistical analyses were conducted similarly. Statements of statistical significance were based upon P ≤ 0.05.
Experiment 2
Arbor Acres slow feathering females and Arbor Acres males that were 60 wk old were used in this experiment. The birds were housed in a naturally ventilated, curtainsided house that contained 16 pens with 15.7 m 2 of floor space with two-thirds of the space covered by wooden slats. There were four hanging tube feeders per pen and two plasson waterers per pen. Water was available to the birds for 8 h per day. There was one conventional 12-hole nest box per pen from which eggs were collected by hand twice each day. The study was initiated with termination of the previous experiment and randomization of the birds into the experimental arrangement. All males were weighed individually, and any males that appeared to be reproductively inactive, as judged by visual observation of the cloaca, were removed. Males were sorted by prior treatment and BW into 15 groups of approximately equal average BW that contained equal numbers of males from each prior treatment. These birds were then assigned to the 15 pens to be used in the study. Of the existing 16 pens of females, one pen was chosen to supply extra birds to allow each pen to contain 60 birds each after a general culling and mixing was carried out. As with the males, each pen contained females from all the prior treatment groups; the 15 pens were distributed into three treatment groups on the basis of previous egg production records such that the overall rate of lay was similar among the three treatments at the initiation of the experiment. No effort was made to equalize female BW. Thus, the experimental design comprised three experimental treatments of 0, 12.5, and 25 mg/kg semduramicin per kg of diet (Table 1) fed for 3 wk to five replicate pens of 60 females and 6 males each. The inclusion rates were confirmed analytically prior to feeding. All pens received 145 g of feed per bird daily during the experiment. All feed was consumed and there were no weigh-backs.
All females were weighed on a pen group basis prior to and at the end of the experimental diet regime. All males were weighed individually at the same times. Birds were fed daily, and all eggs were collected twice per day with floor eggs and nest eggs collected and recorded separately. All collected eggs were stored at 18 C and 75% RH for 1 wk with the exception that eggs that were not laid in nests were not used in the experiment after the initial pretreatment set. There were two replicate groups of 60 to 90 nest eggs per pen set each week, thus there were 10 replicates per treatment per week. All unhatched eggs were examined macroscopically for evidence of embryonic development and were classified as infertile, early embryonic mortality (0 to 7 d), late embryonic mortality (8 to 20 d), or pipped (broken shell).
All eggs laid on one day each week were weighed individually. The eggs were broken, and the eggshells were rinsed and dried at 54 C for 2 h and allowed to cool to constant weight. Percentage shell was calculated.
Data were subjected to one-way analysis of variance using the GLM procedure (SAS Institute, 1988) . There were five replicate pens per treatment. The within-pen residual sums of squares were used to calculate the error term. Differences among means were partitioned by the Duncan option of the GLM procedure. Data were calculated on the basis of weekly and cumulative performances. The statistical analyses were conducted similarly. Statements of statistical significance were based upon P ≤ 0.05.
Experiment 3
Approximately 240 Arbor Acres broiler breeder pullets were placed in individual cages at 20 wk of age. At 30 wk of age, 100 healthy hens were reassigned to 100 cages with 25 blocks of four cages each. Water was available from individual nipple drinkers, and feed was administered through individual feeders designed so that there was no possibility of cross contamination among adjacent birds. All birds were fed daily the basal breeder diet (Table 1) at 145 g/bird per d for 7 d before treatments began. The birds then received semduramicin for 7 d at 0, 3, 6, or 25 mg/kg diet, as confirmed by assay. A 7-d withdrawal period followed when the basal diet was again fed.
Each hen was artificially inseminated on two consecutive days prior to the 7-d pretreatment period and once per week thereafter with 0.05 mL of pooled semen. Eggs were collected daily and stored at 18.3 C and 75% RH. All eggs were set weekly from the pretreatment, treatment, and withdrawal periods under standard incubator conditions. All eggs were candled at 12 to 15 d of incubation for macroscopic confirmation of true fertility and early embryonic mortality (<7 d). Remaining viable eggs were allowed to complete incubation. All unhatched eggs were then examined macroscopically to determine the percentage late dead.
The data were subjected to a general linear repeated measures model that partitions the total sum of squares as defined below.
where Y ijk = response variable, µ = overall constant, α i = random effect of treatment i, β j = fixed effect of treatment j, γ ij = random error for testing treatments, βλ jk = fixed interaction effect of treatment by period, and ε ijk = random residual effect. An arcsin transformation for proportions was used in the analyses of percentage data. Statements of statistical significance were based on P ≤ 0.05.
RESULTS
Experiment 1
The effects of semduramicin on egg production, feed conversion, egg weight, shell weight, and percentage shell are shown in Table 2 . Egg production was significantly decreased by 25 mg/kg semduramicin after 2 wk of exposure at 49 wk of age and by 12.5 and 25 mg/kg semduramicin after 3 wk of exposure at 50 wk of age (Table 2) . Cumulatively, there was a dose-related decrease in eggs produced per hen for the 3-wk experiment with the 25 mg/kg level differing significantly from control, and the 12.5 mg/kg level was intermediate. Feed consumption was decreased by the highest level of semduramicin at 49 wk of age and cumulatively. There was no significant effect on BW due to treatment (data not shown). Percentage shell was decreased by the 25 mg/kg level after 3 wk of exposure at 50 wk and cumulatively when compared to the control, whereas the 12.5 mg/kg level was intermediate. Egg weight and shell weight were not significantly affected.
Experiment 2
The effects of semduramicin (when fed from 63 to 65 wk of age) on egg production, egg weight, shell weight, and percentage shell are shown in Table 3 . There were no significant effects on egg production when expressed on a hen-day basis. Egg weight was significantly increased by the 25 mg/kg level of semduramicin at 64 wk of age. Eggshell weight and percentage shell were not significantly affected.
The effect of semduramicin on fertility and hatchability of fertile eggs is shown in Table 4 . There was no cumulative effect on fertility, although fertility of eggs from birds on 25 mg semduramicin/kg exhibited a significant decrease after 3 wk exposure at 65 wk when compared to the other treatment levels. Hatchability of fertile eggs did not differ significantly until 3 wk exposure at 65 wk of age when a dose-related decrease was evident; however, a dose-related trend was evident and produced a significant cumulative decrease in hatchability of fertile eggs at 12.5 and 25 mg/kg when compared to the control. There were no significant effects on female or male body weight or mortality (data not shown).
The effects of semduramicin on the stage of embryonic mortality is shown in Table 5 . Early embryonic mortality was increased from the first week of exposure at 25 mg/ kg when compared to the control at 63 and 64 wk of age, and the 12.5 mg/kg level was intermediate. At 65 wk of age, the 12.5 and 25 mg/kg levels were significantly increased when compared to the control. This effect was also evident on a cumulative basis. In contrast, late embryonic mortality prior to external pipping was not effected significantly, but the percentage of pipped eggs was increased from birds fed 25 mg/kg semduramicin after 3 wk exposure at 65 wk when compared to the control; the 12.5 mg/kg level was intermediate.
Experiment 3
The effects of feeding various levels of semduramicin that included typical residual levels to broiler breeder hens for 7 d are shown in Table 6 . For brevity, pretreatment data that showed no differences have been omitted. The birds consumed their feed without difficulty (data not shown) and BW was unaffected by treatment (data not shown). There was no hen mortality during the experiment. Egg production, fertility, fertile hatchability, and embryonic mortality were unaffected by the 7-d semduramicin treatment.
DISCUSSION
When examined on an individual bird basis in Experiment 1, there was a significant depression in egg produc- Means ± SE (n) without common superscripts differ significantly (P ≤ 0.05).
1
Treatments applied during 48 to 50 wk of age to 25 individually caged females per treatment.
tion due to semduramicin after 2 wk of exposure (Table  2) . This depression was due to feed refusal by some individual hens at the 25 mg/kg level of semduramicin (Table  2) . Semduramicin exhibited no significant effect on egg production when examined on a pen basis in Experiment 2 (Table 3 ). The inability to show an effect on feed consumption and egg production in a pen situation suggests that negative effects of a full dose are discrete and are masked in large populations. Semduramicin appeared to have little effect on egg weight or eggshell quality, although there were some significant effects found in Experiment 1 after 3 wk exposure for percentage shell (Table 2) . Apparently, the decrease in egg production did not represent a decrease in egg mass, because egg weight had a numerical increase at the same shell weight. Percentage shell, therefore, declined. Semduramicin had no effect on egg weight or eggshell quality in Experiment 2 (Table 3) .
Semduramicin probably had no real effect on fertility, although a significant decrease at the 25 mg/kg level was found at 65 wk in Experiment 2 (Table 4 ). This effect was probably due to chance, because this same group had Means ± SE for 5 pens of 60 female and 6 male broiler breeders each without common superscripts differ significantly (P ≤ 0.05). Means ± SE for 5 pens of 60 female and 6 male broiler breeders each without common superscripts differ significantly (P ≤ 0.05). significantly increased fertility pretreatment (62 wk) and exhibited fertility equivalent to that of the other groups during the remaining experimental periods. On the contrary, semduramicin had a significant detrimental effect on hatchability of fertile eggs after 3 wk of exposure (Table  4) . Most of this embryonic mortality occurred during the early incubation stage (Table 5 ). Similar responses have been observed with other ionophore anticoccidials and nicarbazin. The cause of this effect is uncertain but could suggest some alteration of eggshell porosity or albumen quality (Brake et al. 1997 ) that was not detected by the egg quality determinations used in these experiments. A better explanation may be a disruption of the ion exchanging properties of the embryonic epiblast cells (Stern, 1991) . The existing data cannot exclude either of these possibilities at the present time. Narasin, salinomycin, and nicarbazin have also been reported to decrease hatchability (Jones et al., 1990) . Taken together, the data of Experiment 2 (Table 4) and Experiment 3 (Table 6) show that this effect requires levels of 12.5 mg/kg or greater for longer than 7 d. The data from these experiments indicate that few adverse effects were observed when semduramicin was administered to broiler breeders for 1 wk. Under conditions that simulated misdelivery of broiler feed to breeders (25 mg/kg) and in which residual contamination (3 to 12.5 mg/kg) of breeder feed was evaluated, meaningful changes in breeder production parameters did not occur. However, when the ionophore anticoccidial was fed for 2 wk or longer at full dosage or 3 wk or longer at 12.5 mg/kg, embryonic mortality and hatchability were affected. The data recorded in these experiments suggest that semduramicin, like other ionophore anticoccidials, should not be allowed to contaminate broiler breeder feeds. A similar statement would be prudent for other anticoccidials as well.
